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HARDNESS AND HIGH TOUGHNESS 

(57)Abstract: 

PURPOSE: To manufacture a wear-resistant steel excellent in heat check resistance and having high 
hardness and high toughness by preparing a steel which contains specific percentages of C, Si, Mo, P, Cr, Mo, 
Ti, B, and solAI and in which prescribed pH value is specified. 

CONSTITUTION: A steel having a composition which consists of, by weight, 0.23W<0.30% C, 0.05W0.5% Si, 
>0.45W1.2% Mn, 0.010% P, 0.10W1.5% Cr. 0.05W0.5% Mo, 0.005W0.05% Ti, 0.0005W0.0030% B, 0.01W0.10% 
sol.AI, and the balance iron with inevitable impurities and in which pH value is regulated to 1 .0% in an 
equation represented by pH=C+Mn/10+Mo/6+Cr/15+40P+100 B(%) is prepared. By this method, the wear- 
resistant steel excellent in surface hardness, toughness, and weldability and having sufficient heat check 
resistance even under severe service conditions can be obtained. 
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1 M%x-, 
C : 0.23-030%:*:»S, 
Si : 0.05—0.5%, 
Mn : 0.45 jffi— 1.2%, 
P :0.010%1^T. 
Cr : 0.10—1.5%, 
Mo : 0.05—0.5%, 
Ti : 0.005—0-05%, 
B : 0.0005—0.0030%, 

A£ :0.01-0-10%. 

Tiesc-c i ^?n-s > pH<S[**i-o%iUT-e* *j, 

•f ') *;M8g3 (H.) *»450J^JrT-*> 5:t 

P H =C +Mn/10 + Mo/ 6 + Cr/15+3V + 
40P+100B(%) 

2 *a%-e. 



2 

C : 0^3—030%^!^, 

Si : 0.05— 0.5%, 

Mn : 0.454S— 1-2%, 

P : 0.010%JUT, 
5 Cr : 0.10—1.5%, 

Mo : 0.05—0.5%, 

Ti : 0.005—0.05%, 

B : 0.0005—0.0030%, 

A£ : 0.01—0.10%, 
10 ?^tL, £4>l~ 

Cu : 0.5%«Tx 

Ni : 0.5%li(T, 

Nb : 0.06%OT, 

V : 0.05%J£<T, 
15 Ca : 0.005%J^T, 

<Z>l«*fcWt2«jyjt£^*L, «SW&*JJ:lf^F 

aU.0%ii(T"f*> 9, (H») **450 
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mmmm*mmm*m* 

P B =C+Mn/10 + Mo/6 +Q-/15+3V + 
40P+100B(%) 

itmamimttmm 

miZts^T. *&B<?±J&\z 

BS60-59019*§-4**t:::fci>-r C : 0.15—0.45%, 
Si : 0-06—1.00%, Mn : 0.05—0.45%, Or : 0.05 
—1-0%, Mo : 0.03—0.85%, so£. A £ i 0.01 
—0.15%, B : 0.0008— 0.0025% £^rif#a*3i3jE 
* tlx: *s *} , {ftMnYhtc: i 9 iS*xmttt£ £ 3fe# 

tt*^4«*'HS»T * * *S§SBS60 — 
243250^^«tc4>^XC : 0.3—0.5%, Si : 0.05 
—0.5%, Mn : 0.5 — 1.5%, P : 0,010%Jt(T. 
S : 0.005%Ji(T, Cr : 0.1—1.0%, Mo : 0.03— 
0.85%, so£. A£ : 0.01— 0.15%£^ tf***Sg 

*?nt^s^ c***o.3~ o-5%t*»k Mm 

3? h t^!Rf§gBS61 - 76615 *fi(KK:*t'Tti, 
C : 0.05 — 0.40%, Si : 0.1—03%, Mn : 0.5 — 
2.0%, Ti : 0.005—0.10%, B : 0.0005—0.005%, 
so£. A £ : 0.005—0.10%, N : 0.005%.mT\ - 
H :0.0002%.UrF£^K t&& XHtft3QBZ0>tft£P 
&±M)g. £ 150— 300*C h-tZ'tlZjiK} 

L^L'i**^, w<7>tO«aBffiaFH»450JaT 
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HB450J^Ji<73jefS!SWJ6g*faiffitC 
4>"(.>T % A*l.Mf£«gikffifiE£ 150— 300X7 1 L 

aa*B^jr6]J:x W«*^fb> JHMrfb* 

t£3*lC it^4^mz 3f»* fccoi ^oT ^ T w * 5. 

lt^ tcmm izm z «t -s iz * * /a^i* 

l± a» £ { - gf^. x gjgi ^ s tt { - m 
*u si-?. mm&.m\3iizt,igintzmffi*cmwig.fa 

miz&Tz&'h*& ! m.miz-z>^-cm*0>mm*:m. 
mmzitfitoboyBLtsuzj: 9mmmiz&iimm.3iDm 

i «Jtafe<^09tS-r* i t H«450J^_h^BI if iz is (, ^ T 

*|g»« « r <r> x o i&aSL\s&4*. >t«|j£; l t> 
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0>-c\ {-©WitiC : 0.23 — 0-30%pfcjfo Si : 
0.05—0.5%, Mn : 0.45*8—1.2%, P : 0.010%W 
T, Cr : 0.10—1.5%, Mo : 0.05—0.5%, Ti : 
0.005—0.05%, B : 0.0005—0.0030%, so£. A 
£ : 0.01— 0.10% SML, S blz&miz «fc K) 
Cu : 0.5%«Tx Ni : 0-5%.fe{T\ Nb : 0.05%JU 
T, V : 0.05%.«T\ Ca : 0.005%J«TO 1 
*: 2 «ia_b ^fLx SSSBftii «t tf^F "TS^FMj 

^CFT* 9. 7" »; (H.) **450jy_hT-*. 

2. r t *nmt-rz>mmi&3imzijttiteM&B£M 

P«=C +Mn/10 + Mo/ 6 +Q-/15 + 3V + 
40P+100B(%) 

So 

C «WBg^tt^3ciS2Hr-e* s«3 sfises-r s 
fctol-ittS^rcffc-efcS**, O-23%*jfSj05j8s;!fl-C 

O30%WJ;r-«S!rti, ig|£t£A*£fb L «cJ5D 

x«ft*B £ *e A s -e-»**M&3!tea*{&T-r s *r «> 

0^3— 0.30%*«3|{=K^ L tz 0 
Si«aj^ffl5c^-C*>9, 0.05%5|cj«-e«-tOiaj 

«, * W 1^0.05—0-5% t Lfc* 

Jb&» £ U ^'iTC^-C * S 5 7 a {Pflr<7> L « 
* «* tf®i&ffif bir ot 9 *l£Mg|t£8fcgfr®«o{» 

<MMft€JKiJt-*- •&fc«50.45*i— i.2%^Rie l fc. 

0.010%J^Ti: Lfe 0 

o.i%^cj«-efr±-e<7)S&*^/|N^ <x 
i.5%wji-e««3i4, jg«tt»w«-c*i£o-ro.i 

— 1.5% fc LJto 

^atrfcTCfSTCfctK 0.05%J^_bj^ao-ri^, 
TittBg§JJDI*Mr7 -N? @Sgb*&# Ans 
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■^■f hteg^Sft«Bfb^-^*fc*>tC0.005%i^JL^ 
j&flDfctj&^T 1 * S Q L?5*L t;&<60.05% : £j@;L£ 
tmt < «Jtt**iaTf 0.005— 0.05% tfB. 

5 B Mtffcg Antt|6]_h^WiE&-v'*> Sfc^Kfet 
0.0005%«_h ! ej^-C l *, S **x 0.0030% $)8ttB 

U 3?fcig&tefc«^*3*l.S<0T'Bi£J!JD 
g £0.0005%— 0.0030% £ L/C, 
10 so^. A^ttBa»Jt0.01%JU_ho>^JB^!£S^T 

*s*i, o.io%£i8;ts tm&ti*m<t-t z><r>-c- 

0.01— 0.1% £ L*io 

Ox, Ni, Nb, CaOW>-Ttt^ 1 Si tzit 2«Ji( 

tc < Atiteoisj±^ ® * c t **jt*s. 
*s:t Crwsfi-r* sa< ^-fi^sSfln-r s 

t ISMHSMxtf)® B t S «>0.5%1UT tLfc. 
20 NitiCEiFfeottrigittioisij^^^-r-ifes*^ 

Nb, V«S6*. «0&<??^<-7 >xii*»n2Fn^ 
s w&Aizmm-i- s t ®mt£ « mw-t s ^ «>o.os 

t> fc. <i -f tift IZ0.006Q961UT tLtz 0 

i.o%«r t -r s r t < -fb^fiSE^-s « stag l -c® 

PH=C+Mn/10+Mo/6 +Cr/15 + 3V + 
40P+100BC%) 
35 ^ISWSifriiie-fb^^Olfi^-a-t/Sc^-ft^iE 

a> &-m<r>%mz-agw&x fyt^L, 9 

40 ^«1000~1250*C^JP^^eEg€L, — 
«1 L />: O) Ac SaSife JiC Ji OSJS fljjft L X 

«1000-1250*C»cMi^^ ^BES^L, iS^l; 
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^f5cL> — ^;Ma»150THctol&L-C^lMlaEE^§L. 
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Si 


Mn 


P 


Cr 


Mo 


Ti 


sol.AI 


B 
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0.25 


0.30 


0.58 


0.004 


0.65 


! 0.25 


0.012 


0.045 


0.0012 
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0.26 


0.29 


0.72 
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0. 51 
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0.010 
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0.0009 
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0.25 
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0.60 
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0.23 
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0.24 
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1.05 
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0.60 


0.14 
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0.0010 
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0.26 
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0.58 


0.24 
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0.047 


0.0010 
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0.24 


0.28 


0.60 


0.004 


0.52 


0.21 


0. 010 


0.039 


0.0012 
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0.25 


0.28 


0.57 


0.005 


0.55 


0.29 


0.018 


0.042 


0.0012 
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0.26 


0.27 


0.58 
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0.49 


0.30 
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0.044 


0.0007 
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0.26 
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0.58 
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0.52 


0.24 


0.012 


0.047 


0.0009 


warn 
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0.21 


0.30 


0.56 
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0.79 


0.41 
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0.046 


0.0011 
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0.35 


0.28 


0.58 


0.005 


0.53 


0.23 


0.008 
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